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SUMMARY 
Continuous cultures of pluripotent parenchymal hepatocytes were derived from the epiblasts of 8-day-old pig blasto- 
cysts. The cells were polygonal and had phase-contrast dark, granular cytoplasm with prominent nuclei and nucleoli. 
These feeder-dependent cell cultures differentiated into large, multicellular, secretory, duct-like structures or formed 
small canaliculi between individual cells. Alternatively, the cells accumulated droplets that stained intensely with Oil Red 
O, a lipid-specific stain. Alpha-fetoprotein (AFP), albumin, and /-fibrinogen mRNAs were expressed as the cells differen- 
tiated in culture. Serum-free medium that was conditioned by the cells contained transferrin, AFP, and albumin. The 
growth and viability of the cells were inhibited by transforming growth factor #1 (TGF# 1) at concentrations 21 ng/ml. 
The cell cultures grew slowly with doubling times of 2 to 3 d. One of the cultures, pig inner cell mass-19 (PICM-19), was 
passaged continuously for over 2 yr [>100 population doublings (PD)] and appears to be an infinitely self-renewing cell 
population. The stem cell characteristics of the epiblast-derived fetal hepatocytes indicate that the cells may be unique for 
investigations of liver differentiation and organogenesis. 
Key words: differentiation; epiblast; hepatocyte; pig; pluripotent. 
INTRODUCTION 
The continuous secondary culture of normal parenchymal hepa- 
tocytes has not been possible (Williams et al., 1977; Guguen-Guil- 
louzo et al., 1983; Perraud et al., 1991). In vitro hepatocyte studies 
have largely been limited to primary cultures of hepatocytes estab- 
lished after collagenase perfusion of rat or mouse livers (Williams et 
al., 1977; Berry and Friend, 1969). These techniques were also 
amenable to the establishment of primary hepatocyte cultures in 
nonrodent species such as the pig (Caperna et al., 1985). The use 
of primary cultures is problematic because it is labor intensive and 
inherently variable. Also, other epithelial cells, fibroblasts, and mac- 
rophages were common "contaminants" in primary liver cell cul- 
ture and these cells can quickly overgrow or otherwise interfere with 
experimental manipulations and measurements (Caperna et al., 
1985; Furukawa et al., 1987; Langenbach et al., 1979). In addi- 
tion, normal liver parenchymal cell activities such as a-fetoprotein 
production, albumin production, and various enzymatic functions 
were often lost within 1 to 2 wk of establishment in primary culture 
(Guguen-Guillouzo et al., 1983; Langenbach et al., 1979). An al- 
ternative to normal parenchymal hepatocyte cell culture has been 
the establishment of numerous human and rodent hepatocarcinoma 
derived cell lines (Richardson et al., 1969; Aden et al., 1979). 
Although several of these hepatoma cell lines were minimally de- 
viated and expressed various proteins representative of normal he- 
patocyte function, they are likely to be abnormal in several aspects, 
particularly growth control. For example, some of these cell lines 
were highly tumorigenic when placed in vivo (Richardson et al., 
1969; Knowles et al., 1980). Also, while hepatocyte growth factor 
(HGF) is mitogenic for primary hepatocytes, it has been reported to 
be cytostatic for the hepatoma cell lines HepG2, Hep3B, and H35 
(Higashio and Shima, 1993). Some human hepatoma cell lines also 
chronically produced hepatitis proteins (Aden et al., 1979; Knowles 
et al., 1980). Thus, hepatoma derived cell cultures may confuse 
assessments of normal parenchymal hepatocyte biology in vitro, and 
in vivo assessments may not be possible. The ability to sustainably 
culture normal, functional parenchymal hepatocytes in secondary 
culture would be novel and of great value for the routine study of 
hepatocyte biology. 
It was hypothesized that the liver contains stem cells that support 
its general long-term function, and its regenerative ability (reviewed 
in Sigal et al., 1992, and Fausto and Meade, 1989). Stem cells 
were not identified although embryonic phenotypic gene expression 
(e.g., a-fetoprotein) was found in some proliferating liver epithelia 
following the administration of hepatotoxic agents (Fausto et al., 
1987; Evarts et al., 1987). Liver "oval" cells and intrahepatic bile 
duct cells were proposed as candidate liver stem cells or facultative 
stem cells (reviewed in Sigal et al., 1992, and Fausto and Meade, 
1 To whom correspondence should be addressed. 2 Visiting scientist from the Irene Animal Production Institute, South 
Africa. 
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FIG. 1. Hepatocytelike morphology and differentiation of PICM cells in STO co-culture. A, PICM-35, Passage 7, Oil Red O stained 
(19) after 3 weeks in static culture with differentiation into open lumen ductal structures (small arrows) and intracellular and extracellu- 
lar accumulations of lipid (large arrows, red staining). Bar = 42 Am. B, PICM-19, Passage 39, with ductal formations without an open 
lumenal space but with collected secretory material (arrows) after 2 wk in static culture. Bar = 28 Am. C, PICM-19, Passage 5, in 
monolayer with biliary canaliculilike structures between cells (arrows) after 2 wk in static culture. Bar = 28 Am. D, Oil Red O stained 
(19) colony of NIH/3T3 cells undergoing adipogenesis (Blondel et al., 1990). Bar = 42 Am. 
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FIG. 2. Hepatocytelike morphology and differentiation of PICM cells in 
1989). A consensus of data indicated that liver stem cells would 
express a-fetoprotein and albumin and would be capable of differ- 
entiating into bile duct cells and parenchymal hepatocytes (Shiojiri, 
1981; Evarts et al., 1989; Germain et al., 1988). 
In this study, we describe the characterization of sustainable cul- 
tures of secretory epithelium derived from the 8-day pig epiblast, 
which have the attributes of pluripotent fetal hepatocytes. Mamma- 
lian preimplantation blastocysts contain an anatomically and devel- 
opmentally discrete group of cells termed the primitive ectoderm or 
epiblast. Epiblast cells are totipotent and give rise to the somatic 
and germ cells of the body (reviewed in Beddington, 1986). We 
recently demonstrated that isolated pig epiblasts produced numer- 
ous differentiated cell types that could be grown into mass cultures 
(Talbot et al., 1993). One cell type was epithelial and differentiated 
into ductal structures or polygonal hepatocytelike cells in vitro (Tal- 
bot et al., 1993). The further characterization of this epithelium, 
exemplified by a cell culture designated as PICM-19, demonstrates 
the cells' expression and secretion of hepato-specific proteins. 
MATERIALS AND METHODS 
Cell culture. The derivation of the PICM-13, -18, and -19 cell cultures 
was previously described (Talbot et al., 1993), and PICM-26, -29, -30, 
-31, -32, and -35 were isolated in essentially the same manner except that 
PICM-35 was derived from a 12-d embryonic disc. PICM cells were grown 
as previously described (Talbot et al., 1993) on mitomycin C (Sigma, St. 
Louis, MO) inactivated STO mouse fibroblast feeder cell layers [CRL 1503, 
American Type Culture Collection (ATCC, Rockville, MD)] plated at 5 X 
104 cells/cm2. The culture medium was a 1:1 mixture of Dulbecco's modi- 
fied Eagle's medium and Medium 199 with 10% fetal bovine serum (FBS) 
and antibiotics (10% DMEM-199+) (GIBCO, Grand Island, NY). Addi- 
tional supplementation with 3-mercaptoethanol, nonessential amino acids, 
glutamine, and nucleosides was as described by Robertson (1987). STO 
and PICM-19 cell cultures have been tested for mycoplasma by Hoechst 
staining. 
Northern blot analysis of PICM-19 cells. The RNA from STO mouse 
fibroblasts, PICM-16, ST pig testis cell line (CRL 1746 ATCC), 60-d fetal 
pig liver, adult pig liver, and PICM-19 cells grown in static culture for 
various periods after passage was analyzed by Northern analysis (Fourney 
et al., 1988). Twenty micrograms of total RNA, prepared as previously 
described (Chomczynski and Sacchi, 1987), was loaded per lane and trans- 
ferred to Zetaprobe membrane (Bio-rad, Hercules, CA). The Northern blot 
was hybridized with 32P-labeled cDNA probes to pig AFP (C137) and pig 
albumin (C230) or pig #-fibrinogen (C6), kindly provided by Dr. Roger T. 
Stone (Stone, 1989), followed by autoradiography. Hybridizations with a 
human glyceraldehyde-3-phosphate dehydrogenase DNA probe (pSP6- 
G3PDH, Ambion, Austin TX) or an a-actin DNA probe, kindly provided by 
Dr. Roger T. Stone, were performed as a mRNA loading control. 
Immunoblot analysis ofPICM-19 conditioned medium. Serum-free me- 
dium [DMEM-199 with HGF (2 ng/ml), rat tail collagen (30 mg/ml), and 
1X MITO+ serum extender (Collaborative, Bedford, MA)] was conditioned 
for 3 d by 50-75% confluent monolayers of PICM-19 or STO feeder cells 
alone. Conditioned media samples or diluted pig serum (1:50) were mixed 
1:1 with loading buffer containing sodium dodecyl sulfate (SDS) and 0-mer- 
captoethanol. Samples were loaded onto a 12% polyacrylamide gel and 
electrophoresis (PAGE) performed under described conditions (Laemmli, 
1970). Proteins were transferred to nitrocellulose (0.2 #), blocked with gelatin, and probed with polyclonal antisera. Specific immunoreactive anti- 
gens were visualized with alkaline phosphatase conjugated secondary anti- 
body reagents (Sigma). 
TGFf inhibition of PICM-19 cells. PICM-19 cells were plated at 1 X 
10s cells/cm2 in 4-well plates with 1.9 cm2 well surfaces (Nunc, Denmark) 
that had been previously seeded with 5 X 104 mitomycin-treated STO cells 
per cm2 (Talbot et al., 1993). Porcine TGFj1 (R&D Systems, Minneapolis, 
STO co-culture. A, PICM-30, Passage 6, note lipid accumulation. Bar = 28 
tm. B, PICM-35, Passage 8. Bar = 42 im. C, PICM-45, Passage 6, note 
ductal formation. Bar = 42 sm. 
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FIG. 3. Morphology of recently passaged, subconfluent, undifferentiated PICM-19 cells in STO co-culture. Passage 26; arrows 
indicate PICM-19 cells. Bar = 23 um. 
MN) was added at the indicated concentrations in 10% DMEM-199 (+) at 
input and every 48-72 h with refeedings. Cells were harvested after 7 d by 
trypsin-EDTA treatment and counted on a hemacytometer from 4 indepen- 
dent wells for each treatment. Cell counts were analyzed by ANOVA. Signifi- 
cant differences from control wells were determined by Dunnetts "T" pro- 
cedure (asterisk). 
RESULTS 
Hepatocytelike morphology and differentiation of PICM cells. 
The PICM-19 cell culture displayed a morphology typical of pri- 
mary cultured parenchymal hepatocytes (Berry and Friend, 1969; 
Caperna et al., 1985; Furukawa et al., 1987). The cells were poly- 
gonal with well-defined cell boundaries. Under phase-contrast mi- 
croscopy they had dark, granular cytoplasm with large, distinct nu- 
clei and nucleoli (Figs. 1 C, 2, and 3). Only mononuclear cells were 
observed. Previously, fetal and neonatal parenchymal hepatocytes 
were described as mononuclear whereas primary cultures of adult 
hepatocytes usually contained binuclear cells (Caperna et al., 1985; 
Juan et al., 1992). Preliminary karyotype analysis of PICM-19 also 
showed no evidence of polyploidy and confirmed the porcine origin 
of the cells (data not shown). The independent isolation from 8-d 
pig epiblasts of continuous cultures similar or identical to the PICM- 
19 culture was accomplished about a dozen times (Fig. 2 and Talbot 
et al., 1993). All the cell cultures shared the ability to form multi- 
cellular duct-like structures, develop spaces between individual 
cells similar to biliary canaliculi, or accumulate and secrete lipid 
(Fig. 1 A,B,C and Fig. 2). The ductal and adipogenic differentiation 
phenotypes appeared to be mutually exclusive and occurred sponta- 
neously over the course of 1 to 3 wk in static co-culture on STO 
feeder layers. The recently passaged, individual, undifferentiated 
PICM-19 cells had a similar but somewhat stellate morphology 
(Fig. 3). 
Other investigators found that in primary parenchymal hepato- 
cytes cultures, small biliary canaliculi often developed within the 
monolayers (Furukawa et al., 1987; Barth and Schwartz, 1982). 
Likewise, small canaliculi of the same size and character developed 
in the monolayers of the PICM-19 cells (Fig. 1 C). Once formed, 
canaliculi were stable and their associated cells could retain their 
large polygonal shape for weeks without significant change. How- 
ever, canaliculi were also observed in areas of the monolayer that 
eventually proceeded to duct formation and adipogenesis. As can be 
seen at the top of Fig. 1 C, individual canaliculi coalesced to form 
longer networks of interconnected canaliculi. Final differentiation 
into a mature ductal structure appeared to occur from these inter- 
connected canaliculi. Duct formation was a terminal differentiation 
event because the constituent cells would no longer divide and grow 
if passaged, although they remained viable. Similarly, cultures that 
differentiated to adipogenesis grew very slowly when passaged and 
could not be sustainably cultured. In contrast, colonial areas that 
developed small canaliculi could be cloned and passaged to produce 
mass cultures without loss of differentiation potential. Thus, the 
development of canaliculi was nonterminal differentiation, which 
could be a precursor to the terminal ductal or adipogenic differen- 
tiation programs. 
Phase-contrast microscopy of the fully differentiated duct-like 
structures showed phase-dense material at the lumenal surface of 
the structures (Fig. 1 A). This arrangement indicates a secretory 
structure. A modified form of the duct-like differentiation structure 
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occurred in the PICM-19 culture after about 50 PD. This formation 
was characterized by the absence of a lumenal space. Instead, the 
duct-like structures were closed with the cells assuming a distinct 
columnar arrangement. Heavy deposits of secretory matter ap- 
peared between the juxtaposed cells over a period of 2 to 3 wk in 
static culture (Fig. 1 B). 
Primary cultures of rodent parenchymal hepatocytes sometimes 
accumulated lipid, consistent with their lipogenic in vivo function 
(Richardson et al., 1969; Michalopoulos et al., 1982). PICM-18, 
-19, -26, -29, and -35 produced colonies that stained intensely with 
Oil Red O (Fig. 1 A) indicating lipid sequestration. Although adult 
porcine liver was not shown to synthesize and accumulate fatty 
acids, the enzymatic machinery for de novo fatty acid synthesis is 
present (Mersmann, 1986). The production of triglycerides by the 
epiblast-derived hepatocytelike cultures may result from the embry- 
A 1 2 3 4 5 6 7 8 9 10111213 
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FIG. 4. Northern blot analysis of PICM-19 a-fetoprotein and albumin 
mRNA expression. The Northern blot was hybridized successively with 32p_ 
labeled cDNA probes for A, pig a-fetoprotein (C137) and B, pig albumin 
(C230), followed by autoradiography. Arrows indicate the positions of 28S 
and 18S RNA. Both eDNA probes detected a single band approximately 2 
kb in length. Hybridization with a human glyceraldehyde-3-phosphate dehy- 
drogenase DNA probe (PSP6-G3PDH, Ambion) was performed as an 
mRNA loading control (C). A single band of approximately 1.4 kb was 
detected by the G3PDH probe. In vivo fetal liver, lane 1; blank, lane 2; 
PICM-19, Passage 32, at 7, 15, and 23 d post-passage, lanes 3, 4 and 5, 
respectively; ST pig testis cell line, lane 6; PICM-16 (Talbot et al., 1993), 
lane 7; PICM-19, Passage 33, at 12, 19, and 31 d post-passage, lanes 8, 9 
and 10, respectively; STO embryonic mouse fibroblasts, lane 11; blank, 
lane 12; and in vivo adult liver, lane 13. 
1 2 3 4 5 6 A 
........ 
FIG. 5. Northern blot analysis of PICM-19 #-fibrinogen mRNA expres- 
sion. A, The Northern blot was hybridized with a 32P-labeled cDNA probe to 
pig #-fibrinogen (C6), followed by autoradiography. B, Hybridization with 
an at-actin DNA probe was performed as an mRNA loading control. The 
#-fibrinogen probe detected a single band of approximately 1.6 kb in length 
and the a-actin probe detected a single band of 1.8 kb. Arrows indicate the 
positions of 28S and 18S RNA. In vivo adult pig liver, lane 1; ST pig testis 
cell line, lane 2; Mitomycin C treated STO mouse embryonic fibroblasts, 
lane 3; PICM-19, passage 33, 15-d post-passage, lane 4, PICM-19, pas- 
sage 33, 23-d post-passage, lane 5; and in vivo 26-d fetal pig liver, lane 6. 
onic nature of the cells or the in vitro culture conditions (i.e., pres- 
ence/lack of specific hormonal stimuli or possibly basic medium 
components). The lipid appeared to be actively secreted from the 
cells since large globules of lipid were often present in the extracel- 
lular matrix above the cells to the extent that the cells could no 
longer be clearly discerned. In contrast, lipid accumulation typically 
seen in certain fibroblast cultures, such as mouse 3T3 adipocytes, 
was cell bound, and the cells were prone to detach and float off the 
substrate because of the buoyancy of the lipid (Fig. 1 D). The firm 
anchorage of the epiblast-derived hepatocytelike cells undergoing 
lipid accumulation probably reflects an interconnective cytoskele- 
ton network typical of cultured epithelial cells in general and of 
parenchymal hepatocytes specifically (Osborn and Weber, 1982; 
Marceau et al., 1985; Levy et al., 1988). 
PICM-1 9 liver specific mRNA expression. It was previously dem- 
onstrated that porcine parenchymal hepatocytes expressed a variety 
of genes characteristic of liver function, such as a-fetoprotein 
(AFP), albumin, and /-fibrinogen (Stone, 1989). AFP and albumin 
in particular are diagnostic for fetal hepatocyte character since AFP 
expression was restricted to fetal livers (Stone, 1989). Moreover, 
albumin and AFP are expressed during various early stages of he- 
patic stem cell development (Sigal et al., 1992). Total RNA of 
PICM-19 cells (Passage 33) was assayed by Northern blot, and high 
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FIG. 6. Immunoblot analysis of PICM-19 transferrin and albumin se- 
cretion. Anti-whole pig serum (lanes 1, 2 and 3), anti-pig albumin (lane 4), 
and anti-pig transferrin (lane 5). Adult pig serum, lane 1; STO embryonic 
mouse fibroblast conditioned medium, lane 2; PICM-19 conditioned me- 
dium, lanes 3, 4 and 5. 
levels of AFP, albumin (Fig. 4), and #-fibrinogen (Fig. 5) mRNA 
were detected. The expression of albumin and AFP was minimal in 
cultures that had recently been passaged (Fig. 4 lanes 3 and 8). The 
expression of AFP and albumin reached a peak in PICM-19 cul- 
tures that had remained in static culture for 2 to 3 wk and that had 
extensively differentiated into ductal structures and monolayers 
containing biliary canaliculi between the cells (Fig. 4 lanes 4 and 9). 
A relatively high expression was maintained in culture for an addi- 
tional 1-2 wk, although some loss of the AFP and albumin signal 
was seen after longer periods in culture (Fig. 4 lanes 5 and 10). This 
may have resulted from insufficient refeeding of the very dense 
cultures. Total RNA preparations from fetal and adult pig liver 
demonstrated that, as expected, AFP expression was restricted to 
fetal liver while albumin and #-fibrinogen expression were found in 
both fetal and adult livers (Fig. 4 lanes 1 and 13; Fig. 5). A pig testis 
epithelial cell line, an epiblast-derived epithelial cell line, PICM-16, 
analogous to MDCK epithelial cells (manuscript in preparation), 
and STO feeder cells were all negative for AFP and albumin mRNA 
expression (Fig. 4 lanes 6, 7, and 11). The expression profile is 
consistent with PICM-19 cells being fetal hepatocytes (Stone, 
1989). 
PICM-19 liver specific protein secretion. PICM-19 secreted 
large amounts of transferrin, AFP, and albumin into the culture 
medium. Serum-free culture medium was conditioned for 3 d by 
50-75% confluent monolayers of PICM-19 (Passage 55) grown 
for 2 to 3 wk in static culture. Coincident STO feeder cells alone 
were compared as a control for STO cell secretory activity and for 
nonspecific protein residues remaining from the initial 10% FBS 
culture of the cells. The unconcentrated conditioned media were 
analyzed by SDS-PAGE and immunoblotting (Figs. 6 and 7). 
PICM-19 cells secreted several proteins that crossreacted with an 
antisera to whole pig serum (Fig. 6 lane 3). The prominent protein 
bands were subsequently identified as albumin, AFP, and trans- 
ferrin based on apparent molecular weight and crossreactivity with 
1 2 3 4 
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- 43 
FIG. 7. Immunoblot analysis of PICM-19 ca-fetoprotein (AFP) secre- 
tion. The Western blot was reacted with anti-pig AFP antibody. Ninety-day 
fetal pig serum, lane 1; adult pig serum, lane 2; PICM-19, Passage 55, 
conditioned medium, lane 3; STO mouse embryonic fibroblast conditioned 
medium, lane 4. 
specific antisera to porcine albumin, transferrin (Fig. 6 lanes 4 and 
5), and AFP (Fig. 7 lane 3). In contrast, the STO feeder cell condi- 
tioned medium showed little or no reaction with the antibodies (Fig. 
6 lane 2; Fig. 7 lane 4) demonstrating that the transferrin, AFP, and 
albumin resulted from PICM-19 secretory activity. 
30 
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FIG. 8. TGF31 inhibition of PICM-19 cell growth and viability. Cell 
counts were analyzed by ANOVA. Significant differences from control wells 
were determined by Dunnetts "T" procedure (asterisk). At 0.1 ng/ml the 
effect on PICM-19 cell growth and viability was no different (P > 0.05) 
from that of the control medium not containing TGF#1. 
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TGF#1 inhibition of PICM-19 cell growth and viability. DNA 
synthesis in adult rat parenchymal hepatocytes was shown to be 
inhibited by TGFf (Nakamura et al., 1985; Carr et al., 1986). 
Addition of porcine TGFl1 inhibited the growth and viability of the 
PICM-19 cells (Fig. 8). PICM-19 cells that survived TGF31 (1 
ng/ml) treatment for 7 d were enlarged, flattened, and elongated 
(not shown). Continued incubation with TGF31 (1 ng/ml) for 2 to 3 
wk resulted in the complete loss of the PICM-19 cells from the 
culture as judged by microscopic observation. The hepatocytelike 
PICM-26, -29, and -32 cell cultures were also exposed to TGF31 
at 2 ng/ml and were similarly inhibited. 
PICM-19 cells retain hepatocyte form and function for over 2 
years. Parenchymal hepatocytes are not easily sustained in cul- 
ture (Guguen-Guillouzo, 1983; Perraud et al., 1991; Tong et al., 
1992). The PICM cells were strictly feeder-dependent and sen- 
esced if plated at split ratios higher than 1:5 off feeder cells. The 
PICM cells grew on top of or intermingled with the feeder-layer 
cells (Figs. 1, 2 and 3), and all the cultures grew slowly. PICM-19 
had a doubling time of approximately 72 h by standard culture 
enumeration and by counting the cells of individual colonies (data 
not shown). PICM-19 has been in continuous culture for over 2 yr, 
representing over 100 PD, assuming a 100% plating efficiency at 
each passage. Over the course of this period, single-cell cloning of 
PICM-19 was performed at least six times with the establishment of 
mass cultures of the subclones. The differentiation potential of the 
cells did not change over the passage history of the PICM-19 cul- 
ture. The subclones of PICM-19 also retained the ability to form 
canaliculi and ductal structures and to accumulate cellular and ex- 
tracellular lipid. Although some epithelial cell cultures were very 
long-lived in secondary culture (Martin et al., 1970; Rheinwald and 
Green, 1977), it is possible that the PICM-19 cell culture is an 
infinitely self-renewing cell population (i.e., a cell line). 
The morphology of the undifferentiated PICM-19 cells remained 
the same with no signs of senescence during the continuous culture 
or subclonings. However, one single cell cloned culture, PICM-19 
clone 3B, appeared to undergo spontaneous transformation in its 
ductal cell compartment. At approximately 120 total PD some of 
the cells forming ductal structures lost growth control and took over 
the culture after subsequent passage. The nature of this variant cell 
is under investigation. 
DISCUSSION 
The PICM-19 cell culture was derived by co-culture on STO 
feeder cells. STO feeder cells were shown to provide an environ- 
ment suitable for the isolation and maintenance of hepatocarcinoma 
cells (Aden et al., 1979), mouse embryonic stem cells (Robertson, 
1987), and mouse primordial germ cells (Matsui et al., 1992; Res- 
nick et al., 1992). The STO feeder cells were shown to produce a 
variety of growth factors (Robertson, 1987; Matsui et al., 1992; 
Schmitt et al., 1991; Montesano et al., 1991a; Montesano et al., 
1991 b; Hilton et al., 1991). Some of these were mediators of hepa- 
tocyte growth and function such as leukemia inhibitory factor (LIF) 
and hepatocyte growth factor (HGF) (Montesano et al., 1991a; 
Montesano et al., 1991b; Hilton et al., 1991). Hepatocytes were 
shown to express receptors for both LIF and HGF (Hilton et al., 
1991; Prat et al., 1991). LIF was reported to induce acute phase 
response proteins in hepatocytes (Baumann and Wong, 1989), and 
HGF has been widely described as a potent hepatocyte mitogen 
(Zarnegar and Michalopoulos, 1989; Strain et al., 1991; Nakamura 
et al., 1984). Both LIF and HGF stimulated (P > 0.05) replication 
of PICM-19 cells when assayed in a 5% FBS and reduced STO 
feeder cell environment (manuscript in preparation). Thus, two 
growth factors directly related to hepatocyte growth and function 
are present in the STO feeder layer and may support the develop- 
ment and growth of hepatocytes from the primary epiblast culture. 
The PICM-19 cell culture's establishment in secondary culture 
does not reflect some characteristic of vitality that is peculiar to their 
epiblast source. The STO co-culture also supported the cultivation 
of hepatocytes from the 26-d pig fetal liver (manuscript submitted, 
Talbot et al., 1994). These cell cultures formed monolayers of 
polygonal cells with interconnective canaliculi that could differen- 
tiate further to produce extracellular lipid or multicellular ductal 
structures (manuscript submitted, Talbot et al., 1994). However, 
the fetal liver-derived hepatocyte cultures were finite and senesced 
after variable degrees of in vitro passage. Thus, epiblast culture 
may enable a derivation of fetal hepatocytes prior to differentiation 
into committed progenitor cells. 
The PICM-19 cell culture may represent the in vitro equivalent 
of the putative hepatic stem cell because of the following: 
1. PICM-19 was derived from epiblast cells, the source of all 
stem cells in the body. 
2. PICM-19 cells have a fetal phenotype as expected of hepatic 
stem cells (Sigal et al., 1992). 
3. The long-term continuous passage of the PICM-19 cell cul- 
ture without loss of differentiation potential is indicative of a stem 
cell population. 
4. The ability of the PICM-19 cells to differentiate into three 
phenotypes (multicellular ductal structures, polygonal cells with bili- 
ary canaliculi, and adipogenic cells) logically connected with liver 
form and function is consistent with expected hepatic stem cell 
character (Sigal et al., 1992; Fausto and Meade, 1989). Experi- 
ments to test the ability of PICM-19 cells to populate and function 
in the liver are planned and may provide a measure of the extent of 
their stem cell character. 
The PICM-19 cells may be useful as an in vitro model for fetal 
hepatocyte functions and differentiation. They may also prove use- 
ful in experimentation on extracorporeal liver devices, artificial or- 
gan construction, gene therapy, and, possibly, malaria and hepatitis 
research. The derivation of the PICM hepatocyte cultures from the 
pig epiblast demonstrates the possibility of deriving specialized cell 
types from any mammalian epiblast. 
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